Background: Irrational antibiotic prescribing as a global health problem has a major influence on medical care quality and healthcare expenditure. This study was aimed to determine the pattern of antibiotic use and to assess the seasonality and physician-related factors associated with variability in antibiotic prescribing in Isfahan province of Iran. Methods: This cross-sectional survey was conducted on all prescriptions issued by general physicians from rural and urban areas in 2011. Associations between season of prescribing and physician-related variables including gender, practice location and time since graduation with antibiotic prescriptions and also the pattern of antibiotic prescribing were assessed using Chi-square tests and multiple logistic regression models. Results: Of the 7439709 prescriptions issued by 3772 general practitioners, 51% contained at least one antibiotic. Penicillins were the most frequently prescribed antibiotics, followed by cephalosporins and macrolides. Over-prescription of penicillins was associated with female gender (odds ratio [OR], 2.61; 95% confidence interval [CI] 2.13-3.19) and with moderate duration of time in practice (10-20 years) (OR, 1.42; 95% CI 1.14-1.76). Higher rates of cephalosporins prescription were observed in urban areas than rural areas and by male physicians. Seasonal peak was detected for penicillins and cephalosporins prescriptions in autumn. Conclusions: These findings showed the widespread use of antibiotics by general practitioners that was associated with the physicians' gender, time since graduation and practice location and also season of prescribing. More researches are needed on other factors related to the overprescribing of antibiotics and they could be used to project educational programs for improvement of antibiotic prescribing quality in our country.
INTRODUCTION
Irrational antibiotic prescribing is an important health problem which affects control of infectious diseases worldwide. [1, 2] This problem increases anti-microbial resistance, toxicity risks, and therapeutic costs. [3, 4] There are reported concerns about the inappropriate and over-prescribing of antibiotics especially broad-spectrum anti-microbial agents by physicians in primary care as the main driver of resistance. [5] Large volume of antibiotic self-medication by patients particularly taking in under-dose and for treatment of viral respiratory infections also promotes antibiotic resistance and threatens the public health. [6] The emergence of resistant microbial pathogens and associated infections is a major complication, which has troubled the management of infectious diseases worldwide. [7] According to the World Health Organization statement, anti-microbial resistance results in prolonged illness and greater risk of death, compromises the success of some treatments like organ transplantation, cancer chemotherapy and major surgery, increases health-care costs and threatens health security. [8] In Iran, there are some evidence of overuse and inappropriately prescribing of antibiotics. [9, 10] Antibiotics are the most used drugs in Iran, and about half of patients received an antibiotic during doctor-patients encounters in general practice. [11, 12] However, little is known about the factors associated with antibiotic prescribing. Various socio-cultural and demographic factors including patient-and physician-related factors can influence antibiotic prescribing. [13, 14] The aim of the present study was to assess the physician-related factors associated with variability in antibiotic prescription in Isfahan province of Iran. Since most antibiotic prescribing occurs among outpatients, antibiotic prescribing was evaluated in outpatient prescriptions in this study. [15] About the physician-related factors, various hypotheses have been developed to explain the differences in antibiotic prescribing among physicians. [16] In this investigation, the role of gender, practice location and practice experience (time in practice) were evaluated on the pattern of antibiotic prescribing. Although some evidence have presented that younger and female physicians are more likely to prescribe antibiotics appropriately, [16, 17] there are also some reports for nonsignificant difference in antibiotic prescribing pattern regarding the physician's gender or time in practice. [18] Wide geographic variability has been reported in the prescribing of various antibiotic classes in the researches. [17] There are also diverse reports for antibiotic over-prescription by urban or rural practicing physicians. [19, 20] In this study, the seasonality of antibiotic prescription that may be associated with seasonal changes in drug resistance levels was also assessed. [21] 
METHODS

Study design and participants
In this cross-sectional study, all prescriptions data from general physicians were collected by Rational Use of 
Variables assessment
All prescriptions containing antibiotics were included in this study. Percentage of patients receiving antibiotics and pattern of anti-bacterial prescribing including the most frequently prescribed antibiotic classes were determined in the prescriptions of general practitioners. The antibiotics were classified according to the American Hospital Formulary Service pharmacologic-therapeutic classification system into penicillins, cephalosporins (first, second and third generations), macrolides, aminoglycosides, quinolones, sulfonamides, tetracyclines and others (chloramphenicols, metronidazole, anti-tuberculars and urinary anti-infectives). The less frequently prescribing antibiotics including chloramphenicols, anti-tuberculars, and urinary anti-infectives were not regarded in statistical evaluation.
Seasonality
of antibiotic prescription and physician-related variables including gender, practice location and rurality, and time since graduation were assessed. The physicians' demographic information was obtained from the Isfahan Medical Council. The association between the selected factors with antibiotic prescribing was first evaluated and then we investigated whether these physicians' characteristics and also season of prescription are predictors of inappropriate prescribing.
Statistical analysis
The prescriptions data were evaluated using professional computer software for gathering and analyzing prescription data (Rx Analyzer or Noskhehpardaz, Mana Faravaran Software Group, Tehran, Iran) and also SPSS version 16, SPSS Inc, Chicago, USA Data were reported as frequency (percentage). The Chi-square test was used for examining the associations of physician-related factors and also seasonality with antibiotic prescribing pattern. The effects of related factors on the prescribing pattern of different classes of antibiotics were also evaluated by multiple logistic regressions and the odds ratio (OR) with 95% confidence interval (CI) were determined for the assessment of over-prescription on different level of covariates. P <0.05 was considered as statistically significant.
RESULTS
The total population of Isfahan were 4186678 persons (the percentage of urban was 74.3%) in 2011. The prevalence rate of prescriptions was 3750/1000 inhabitants/year.
Of the 7439709 prescriptions issued by 3772 general practitioners, 51% contained at least one antibiotic. It is noteworthy that there is also over the counter purchase of antibiotics in Iran. Demographic characteristics are presented in Table 1 . Male physicians outnumbered females (74.5%). Most physicians were working on urban places (67.4%) and have 10-20 years experiences. The pattern of antibiotic prescribing showed that penicillins were the most frequently prescribed antibiotics and 23.55% of patients received penicillins, followed by cephalosporins (13.4%), macrolides (5.26%) and quinolones (3.19%) [ Figure 1 ]. Amoxicillin (7.5%) happened to be the most prescribed penicillins, followed by co-amoxiclav (5.3%), penicillin 6.3.3 (5.23%), benzathine penicillin G (2.7%), procaine penicillin G (2.47%) and ampicillin (0.35%). The frequency of prescribed cephalosporins was as cephalexin (2%) and cefazolin (0.5) in the first generation, and cefixime (8.2%) and ceftriaxone (2.7%) in the third generation. The mainly prescribed macrolides were azithromycin (4.16%) and erythromycin (1.1%). Ciprofloxacin (3.14%) and ofloxacin (0.05) were the mainly prescribed quinolones.
In the relationship analysis [ Table 2 ], antibiotic prescribing was significantly related to the demographic characteristics such as gender, time since graduation, physicians' practice location factors and season of prescribing.
The results of multivariate logistic regression and their OR according to the season of prescribing and physician-related factors with a different pattern of antibiotic prescription are shown in Table 3 . There were significant differences between higher-prescribing and not higher-prescribing according to the gender of physicians, time since graduation and physicians' practice location factors.
Female physicians significantly more often prescribed penicillins (OR, 2.61; 95% CI, 2.13-3.19) but less prescribed cephalosporins (OR.,73; CI, 0.63-0.88) especially third generation cephalosporins (data were not shown), aminoglycosides and tetracyclines.
There was higher-prescribing of most classes of antibiotics except cephalosporins and macrolides by physicians with moderate duration of time in practice (10-20 years) while younger physicians significantly less prescribed most classes of antibiotics. There were higher rates of prescribing of cephalosporins in urban areas than rural areas. Seasonal peak was observed for penicillins and cephalosporins prescriptions in autumn. Macrolides were significantly more prescribed during autumn and spring while sulfonamides and tetracyclines were less prescribed during all seasons other than winter [ Table 3 ].
DISCUSSION
The results of this assessment showed a wide range of antibiotic prescribing by general physicians in Isfahan province of Iran. Prescriptions with antibiotics were about one-half of all prescriptions (51%). Our previous study also revealed that general practitioners prescribed more antibiotics than medical specialists. [10] Different rates of antibiotic prescription from 17.5% to 67% have been reported in developing countries that are much higher than developed countries. [22] [23] [24] The inappropriate antibiotic prescription has significantly declined over the last decade in developed countries such as United States, and persuasive interventional approaches are needed to improve antibiotic use in other countries. [25] The most common antibiotic categories prescribed by general physicians were penicillins, followed by cephalosporins and macrolides. Other researches also reported similar results for the main choices of antibiotic classes in developing countries. [26, 27] Excessive use and irrational prescribing of broad-spectrum antibiotics result in antibiotic resistance. Unfortunately, large volumes of broad-spectrum antibiotics are incorrectly prescribed for mild and viral infections of upper respiratory tract in our country. Besides adverse effects and dangerous allergic reactions, emergence of extended-spectrum beta-lactamase-producing infections might threaten the public health. [28] Recently some national policies have been used for limitation of the ceftriaxone use in Iran but other third-generation cephalosporins should be also used cautiously for outpatients.
In this study, some physician-related variables including gender, practice location and rurality, and time since graduation were evaluated and other physicians' characteristics, patients' characteristics, socioeconomic, educational and facility factors were not recorded because of limitation of our electronic data. Our finding showed gender variability in antibiotic prescribing by general practitioners. Moghadamnia et al., also reported significant difference in antibiotic prescribing patterns between female and male physicians in Iran. [29] Female gender has been shown to positively affect physician adherence to guidelines, for example, in antibiotic prophylaxis. [30] There are some reports about possible differences in the treatment approaches of the male and female physicians however the reasons for these differences is not clear. [31, 32] Regarding the time in practice, most antibiotic categories were significantly less prescribed by younger physicians especially cephalosporins. Other studies also suggested increasing in inappropriate antibiotic prescribing with lengthening time in practice. [33] More recent medical graduates have been found to follow standard protocols in their practices. Excessive antibiotic prescribing may be due to acceptance of patients demand for antibiotics by older physicians. [16] Other data in our research were similar rate of antibiotic prescribing in rural and urban areas except for cephalosporins and sulfonamide prescribing, which were higher in urban areas. The results of investigations have suggested the geographic region of physicians' practice as a predictor of broad-spectrum antibiotic prescribing. [34] Although higher rates of antibiotic prescription have been found in rural setting in some studies due to the disease pattern or patients' demand for quick relief, [19, 20] there are also several reports for antibiotic over-prescription by urban practicing physicians. [35, 36] In our findings, similarity between rural and urban areas in prescribing of most antibiotic classes may be attributed to the resemble pattern of infectious diseases in our province and cultural growth in rural regions. However, larger cephalosporins prescription in urban areas may be due to the patients' knowledge and more pressure for taking broad-spectrum antibiotics. Our results also revealed seasonal variability in antibiotic prescribing. Although higher rates of penicillins and cephalosporins prescriptions were observed during autumn, more antibiotics were prescribed totally in the winter. Our previous study also showed higher uses of antibiotics, corticosteroids, and injectable drugs in the winter and lower use in the summer. [9] Sun et al., also reported increased antibiotic use in the winter and its strong correlation with resistance. [21] However, in the report of Pathak et al., the peak antibiotic prescribing rates have been observed during summer and rainy season in India. [37] 
CONCLUSIONS
The findings of this study confirmed antibiotic over-prescription and provided some implications for understanding the variability in antibiotic prescribing in the central province of Iran. Widespread use and inappropriate antibiotic prescriptions promote antibiotic resistance and increase morbidity and mortality. Hence, there is an urgent need to various educational, managerial and regulatory strategies to promote rational antibiotic use. More efforts are required to identify the role of other physician's factor and also patients' characteristics, socioeconomic, educational and facility factors on antibiotic prescription in our country. Since various factors can influence antibiotic prescribing, wide variability is observed in antibiotic use worldwide. Therefore, interventional strategies should be performed focusing on specific variables that predict inappropriate antibiotic prescribing in each country to reduce prescription rates and improve the quality of prescribing effectively. 
